Patients with metastatic renal cell carcinoma (mRCC) typically experience cancer-related symptoms and impaired health-related quality of life (HRQoL) that significantly impact daily functioning and limit therapy (Harding et al, 2007; Gupta et al, 2008; Cella, 2009) . Furthermore, the impact of symptoms and treatment-related toxicity on HRQoL is often underestimated (Harding et al, 2007; Gupta et al, 2008; Cella, 2009) . Measurement of HRQoL outcomes provides information on the effect of treatment (Wagner et al, 2007) and assists the evaluation of the trade-off between extended progression-free survival (PFS) and treatment toxicity that, given disease progression rates following first-line treatment failure, is particularly relevant for second-line therapies.
Metastatic RCC is difficult to treat (Lam et al, 2004) ; without effective treatment patients often die in o2 years (Linehan and Zbar, 2004) . The disease is often resistant to chemotherapy, but targeted treatments, including tyrosine kinase inhibitors (TKIs; sunitinib , sorafenib (Escudier et al, 2007a (Escudier et al, , 2009 , pazopanib (Sternberg et al, 2010) ), the vascular endothelial growth factor (VEGF) monoclonal antibody bevacizumab (Escudier et al, 2007b) and temsirolimus and everolimus (inhibitors of the mammalian target of rapamycin pathway) (Hudes et al, 2007; Motzer et al, 2008 Motzer et al, , 2010 , have demonstrated clinical benefit in these patients.
Axitinib is a potent and selective second-generation inhibitor of VEGF receptors (VEGFR)-1, 2, and 3 (Hu-Lowe et al, 2008) . Phase II studies demonstrated clinical activity in patients with advanced RCC refractory to cytokines or sorafenib . In a randomised phase III clinical trial (AXIS) that compared the efficacy and safety of axitinib with sorafenib in patients with advanced RCC with disease progression after firstline systemic therapy, median PFS for axitinib was 6.7 months vs 4.7 months for sorafenib (hazard ratio (HR) ¼ 0.665; Po0.0001) (Rini et al, 2011) . Results for the composite end point of time-totreatment deterioration (TTD; defined as a decrease in quality of life (worsening of Functional Assessment of Cancer Therapy (FACT) Kidney Symptom Index-15 (FKSI-15) score), progression or death; see Rini et al (2011) and Amir et al (2012) for further details) were also reported, but an overall assessment of HRQoL was not.
This report summarises the effect of axitinib vs sorafenib on patient-reported kidney cancer-specific symptoms/functioning and health status, which were secondary end points of the phase III study.
MATERIALS AND METHODS
Study design and patients. The pre-specified patient-reported outcome end point analyses were derived from a prospective, open-label, randomised phase III clinical trial in patients with advanced RCC after failure of one first-line systemic regimen, details of which have been reported elsewhere (Rini et al, 2011) . Briefly, eligible patients were stratified according to Eastern Cooperative Oncology Group (ECOG) performance status (0 or 1) and prior therapy (sunitinib-, bevacizumab/interferon (IFN)-a-, temsirolimus-, or cytokine-based regimens) and randomised (1 : 1) to axitinib or sorafenib. Inclusion criteria included age X18 years; histologically or cytologically confirmed RCC with a clear cell component; measurable disease per Response Evaluation Criteria in Solid Tumours (RECIST) (Therasse et al, 2000) ; and X2 weeks since the end of prior systemic treatment or X4 weeks for bevacizumab/IFN-a treatment. Patients were excluded if they had central nervous system metastasis; uncontrolled hypertension (blood pressure (BP) X140/90 mm Hg); clinically significant cardiovascular disease or events within 12 months before study drug administration; or deep vein thrombosis or pulmonary embolism within 6 months.
The trial was approved by an institutional review board or ethics committee at each centre and complied with Good Clinical Practice guidelines, the Declaration of Helsinki, and local laws. All patients provided written informed consent. The trial is registered on ClinicalTrials.gov, identifier NCT00678392.
Treatment regimens. Axitinib was administered orally at a starting dose of 5 mg twice daily (b.i.d.). Patients who tolerated this dose with no significant treatment-related grade 42 adverse reactions for a 2-week period had their dose increased to 7 mg b.i.d., unless BP was 4150/90 mm Hg or they were receiving antihypertensive medication. Using the same criteria, patients who tolerated 7 mg b.i.d. had their dose increased to a maximum of 10 mg b.i.d. Axitinib dose reductions were allowed for management of toxicity. The sorafenib starting dose was 400 mg b.i.d., which could be reduced to 400 mg once daily or 400 mg every other day to manage toxicity. Patients were treated until disease progression (per RECIST criteria, version 1.0; Therasse et al, 2000) , occurrence of unacceptable toxicity or death or withdrawal of consent.
Patient-reported outcome measures. Patient-reported outcomes were assessed using the FKSI-15 (Cella et al, 2006) and the EuroQoL (EQ-5D) (Kind, 1996) , and were completed at screening, after every 4 weeks of therapy, at end of study treatment, and at follow-up (28 days after end of therapy). End of treatment (EOT) and follow-up data were collected at different cycles, reflecting the different times that patients went off treatment. To avoid potential bias, questionnaires were completed before patients discussed their disease status with health-care professionals. The FKSI-15 includes 15 items: lack of energy, bothered by side effects, pain, weight loss, bone pain, fatigue, enjoyment of life, shortness of breath, worry condition may worsen, appetite, coughing, bothered by fevers, ability to work, haematuria, and sleeping well. In this trial, two scores-the FKSI-15 total score and the FKSI-Disease-Related Symptoms (FKSI-DRS) score-were derived. The FKSI-DRS is a 9-item subscale of FKSI-15 that includes lack of energy, pain, weight loss, bone pain, fatigue, shortness of breath, coughing, bothered by fevers, and haematuria . Each question was answered on a 5-point Likert-type scale ranging from 0 to 4 (0 ¼ not at all; 1 ¼ a little bit; 2 ¼ somewhat; 3 ¼ quite a bit; 4 ¼ very much). The FKSI-15 score (range 0-60) is the sum of the 15 individual items, and the FKSI-DRS score (range 0-36) is the sum of its 9 individual item scores. For some questions, answers were the item scores; for other questions, answers were reverse coded such that higher scores corresponded to better HRQoL and fewer symptoms. If answers to individual questions were missing, then scores were calculated as the pro-rated sum of the nonmissing items (provided 450% of the questions, e.g., at least 8 of 15 for FKSI-15, were answered). Both the FKSI-15 and FKSI-DRS have been validated in patients with kidney cancer (Cella et al, 2006 ). An important difference was estimated to be 3-5 points for the FKSI-15 scale (range 0-60) (Cella et al, 2006 ) and 2-3 points for the FKSI-DRS (range 0-36) subscale .
The EQ-5D is a preference-based generic health status measure and comprises two components, an index score with five items (mobility, self-care, usual activities, pain/discomfort, and anxiety/ depression) and a visual analogue scale score for overall health state (Kind, 1996) . For this study, we used the index scoring algorithm derived from a UK general population sample (Kind, 1996) .
Statistical analysis. All analyses were performed on the intent-totreat population. Descriptive statistics were used to summarise demographic and clinical characteristics and patient-reported outcome scores by treatment arm. Comparisons of post-treatment scores were performed using a repeated-measures mixed-effects model, including terms for treatment, time and treatment-by-time, with baseline as covariate and time assumed continuous (Singer and Willett, 2003; Hedeker and Gibbons, 2006) . This model permits multiple observations at different time points, but assumes missing values are missing at random. To account for the possibility of data missing not at random (Rubin, 1976; Troxel et al, 1998 ) (e.g., variation in missing values due to treatment), pattern mixture models were explored as a sensitivity analysis. All available data were used in these analyses.
RESULTS
Baseline characteristics. In all, 723 patients were assigned to axitinib (n ¼ 361) or sorafenib (n ¼ 362) treatment. Baseline characteristics have been described previously (Rini et al, 2011) . Baseline demographic and clinical characteristics, as well as baseline FKSI-15 and FKSI-DRS scores, were similar between treatment arms (Table 1) (Motzer et al, 2004; Heng et al, 2009 ). Dose modifications. During treatment, 199 (55.4%) and 220 (62.0%) patients had at least one dose interruption due to adverse events in the axitinib and sorafenib arms, respectively, and 95 (26.5%) and 73 (20.6%) patients had at least one dose reduction due to adverse events in the axitinib and sorafenib arms, respectively.
Patient-reported outcome completion rates. The patientreported outcome completion rate was 485% at baseline, and for the majority of the study 90% or more eligible patients contributed to the patient-reported analyses at each cycle. The number of eligible patients was higher in the axitinib vs sorafenib arm due to varying dropout rates resulting from differential rates of disease progression (e.g., by cycle 8, 52.1% of patients in the axitinib arm were eligible compared with 40.1% in the sorafenib arm). At EOT, in both treatment arms, the majority of patients who had stopped treatment had done so because of disease progression, with adverse events accounting for 10.0% and 12.9% of cases in the axitinib and sorafenib arms, respectively.
FKSI assessments. Observed FKSI-15 means and corresponding sample sizes for the axitinib and sorafenib arms are shown in Figure 1 . Mean values for axitinib and sorafenib were almost identical at baseline (43.20 and 43.34, respectively; Table 1 ) and remained similar throughout the study. The FKSI-15 scores for both treatments worsened (dropped) at EOT (axitinib, 38.33; sorafenib, 38.46) . End of treatment was, in the majority of cases, triggered by disease progression. Mean values for 28-day follow-up were 41.92 and 40.03 in the axitinib and sorafenib arms, respectively, which were somewhat higher than the respective values at EOT; however, compliance at this time point had dropped to B40% in both treatment arms. To examine if there was a responder bias, all end-of-treatment data from patients in both treatment arms were combined and divided into two groups; those with (n ¼ 169) and those without (n ¼ 194) follow-up (day 28) data. Patients with follow-up data had a significantly higher mean FKSI-15 score at EOT than those without (40.15 vs 37.01, respectively; difference, 3.14; P ¼ 0.0009). Furthermore, the mean FKSI-15 score at EOT for patients with follow-up was almost identical to their mean score at follow-up (40.15 and 40.81, respectively), suggesting that healthier patients were the ones contributing to the 28-day follow-up scores.
No statistically significant differences between axitinib and sorafenib were observed using a repeated measures mixed-effects model. Post-treatment least squares means were 42.21 and 41.86 for axitinib and sorafenib, respectively (P ¼ 0.4833; Table 2 ). There was no significant interaction between treatment and time (P ¼ 0.3943), indicating no difference in the course of the treatment effect over the cycles.
The mixed-effects analysis was also performed for each of the individual items of the FKSI-15. No significant treatment effect was observed for any item (Table 3 ). Owing to the differential dropout rates between the two treatment arms, a pattern-mixture analysis was performed as a sensitivity analysis. Two patterns were defined: completers (patients completing 4168 days (6 cycles) of treatment) and dropouts (those completing 168 or fewer days of treatment). A threshold of six cycles was chosen, as this was the last cycle in which over 50% of patients in both treatment arms remained in the study. Results were similar to those of the standard mixed-effects model. A pattern-mixture analysis was also performed based on three patterns where the thresholds were study days 84 and 196 (i.e., end of cycles 3 and 8 upon completion of radiologic determinations of tumour progression). Again, there was no significant difference between the treatment arms.
There was no significant treatment difference in FKSI-15 scores for patients who had received prior sunitinib or patients who repeated measures analysis ( Table 2) . As for FKSI-15, there was no significant treatment-by-time interaction (P ¼ 0.8024), indicating no difference in the course of the treatment effect over the cycles. Most scores were similar between treatments across the nine items of the FKSI-DRS. Figure 3 depicts the observed mean difference between treatments in degree of bother with side effects. Patterns in FKSI-DRS scores in subgroups by prior treatment (sunitinib vs cytokine therapy) and MSKCC risk group were similar to those reported above for FKSI-15.
EQ-5D assessments. Similar to the FKSI results, observed EQ-5D means were similar until EOT, after which there was a drop when patients typically experienced disease progression. There was no statistically significant difference between axitinib and sorafenib in EQ-5D index scores in the mixed-effects model; (difference, 0.02; P ¼ 0.1903; Table 2 ) or in the interaction between treatment and time (P ¼ 0.8048).
In the EQ-5D health status profile, the proportion of patients with no problems with mobility through cycle 12 was B10% higher at every cycle in the axitinib vs the sorafenib arm and was never below 57% and 49% of respondents, respectively. The proportion of patients with no problem with pain/discomfort was similar (30-40%) while on treatment throughout the study for both treatment arms, as was the proportion of patients with no problem with anxiety/depression (50-60%).
DISCUSSION
This study summarises patient-reported outcomes from a randomised phase III study that directly compared axitinib with sorafenib in patients with mRCC following failure of a prior systemic therapy. Efficacy results (reported elsewhere Rini et al, 2011) demonstrated that axitinib treatment resulted in significantly longer PFS compared with sorafenib and the analysis of the composite end point of TTD (defined as a decrease in quality of life (worsening of FKSI-15 score), progression or death; see Rini et al (2011) for further details) demonstrated a statistically significant advantage for axitinib: HR ¼ 0.829, 95% confidence interval (CI): 0.701, 0.981; one-sided P ¼ 0.014. Similarly, a 16% risk reduction in the TTD FKSI-DRS composite end point was observed for axitinib vs sorafenib (HR ¼ 0.838, 95% CI: 0.707, 0.993; one-sided P ¼ 0.0203), highlighting that the delay in disease progression was accompanied by minimal toxicity or worsening of symptoms. These results confirm those of the two single-arm phase II studies in patients with mRCC (Trask et al, 2008; Rini et al, 2009 ).
This report focuses on patient-reported kidney-specific symptoms and functional data. Treatment with axitinib was associated with comparable outcomes to sorafenib, as demonstrated by similar FKSI-15 scores while on treatment. When patients experienced disease progression at EOT, FKSI scores worsened, revealing the impact that progression had on patient HRQoL and also, the value of delaying progression. Scores at 28-days post endof-treatment were also measured, and revealed a slight improvement (of similar magnitude in both arms) compared with EOT. However, this was likely because responders were healthier than those who did not complete the forms, as the end-of-treatment scores for responders were similar to their day 28 scores.
Of note, the baseline scores of patients in this study were comparable to the general US population (Butt et al, 2012) and, as such, it would be unrealistic to expect an improvement in symptoms/quality of life as can be observed, for example, in lung cancer, where patients are very symptomatic at baseline. In the present study, patients were able to 'maintain' symptom control while on treatment with both agents; however, when their disease progressed at EOT, there was a meaningful worsening of patientreported outcomes. In essence, this reflects that patients receiving VEGF TKI treatment (whether sorafenib or axitinib) manage to , 3, 4, 5, 6, 8, 11, 12 , and 14 of the FKSI-15.
maintain a relatively low symptom burden, comparable to their pre-treatment condition. This declined significantly at EOT, suggesting that VEGF TKI therapy that delays progression longer would have better value than one associated with a shorter progression-free interval. Understanding the value of PFS is increasingly important because demonstrating an overall survival benefit can be challenging in tumours such as mRCC, where survival post progression is long (Amir et al, 2012; Fallowfield and Fleissig, 2012) , and it has been suggested delay of symptoms can be just as important as overall survival (Amir et al, 2012) . The FKSI-DRS measures intend to assess disease-related symptoms . In oncology clinical trials, symptoms represent the most proximal outcome of treatment for patients with advanced RCC and are most likely to detect differences between treatments. Information on patient-reported symptoms and functioning, combined with clinical end points, can assist patients and physicians in selecting the most effective treatments.
Given the availability of new therapies for treating mRCC, patients need to understand the trade-off between PFS and treatmentrelated toxicity. In the present study, most scores across the nine items of the FKSI-DRS were similar among patients treated with axitinib or sorafenib.
It is difficult to systematically compare results of axitinib studies with those of other approved second-line treatments for advanced RCC Eisen et al, 2008; Beaumont et al, 2011) owing to differences in the FKSI questionnaire versions and analyses used, patient populations studied in the second-line setting and compliance with patient-reported data collection. This is the first trial comparing two VEGFR-TKI agents head-to-head in the second-line mRCC setting. A number of studies have used placebo or IFN-a as comparators. For example, in a recent study (Beaumont et al, 2011) in patients with advanced RCC, there were no statistically significant differences in FKSI-DRS scores in longitudinal analyses for everolimus compared with placebo. Similar findings were observed in a study of sorafenib in advanced RCC , which reported that there were no differences between sorafenib and placebo in mean scores for either the Functional Assessment of Cancer Therapy-General or the FKSI-10. Based on the results of the present study, axitinib has comparable HRQoL outcomes and better PFS compared with sorafenib in patients with advanced RCC, supported by the previously reported 16-17% (statistically significant) decrease in the composite TTD end point comprises risk of progression, death or worsening of FKSI scores (Rini et al, 2011) . Several limitations should be considered when interpreting the results of this analysis. The open-label trial design could be considered as a limitation because investigators and patients could be biased in their selfreported assessments based on treatment expectations. Although open-label, the study had an active comparator; therefore, the potential for bias is reduced compared with a placebo-controlled study. Furthermore, all analyses were pre-specified secondary end points of the AXIS trial. Differential dropout rates were observed. As patients in the sorafenib arm had higher rates of study discontinuation, we conducted additional statistical modelling to address this potential imbalance and found similar results. However, missing data complicate interpretation of patient-reported outcomes, and the true effect of sorafenib on HRQoL may not have been assessed. Also, the inclusion of other questionnaires targeting an expanded list of side effects may have permitted more information to be collected about this class of agent.
In summary, this clinical trial compared two VEGFR TKIs as second-line therapy for mRCC. One goal in mRCC treatment is to maintain patient symptoms or HRQoL for as long as possible, and thereby delay worsening. Clearly, when patients are assessed at EOT, their FKSI scores are worse than they were while on treatment. This is likely to be related to tumour progression, although the impact on HRQoL of factors such as unresolved adverse events, accumulating toxicity and emotional response cannot be ruled out. Given that disease-related symptoms and HRQoL are better when patients are on treatment and progression-free and that patients receiving axitinib have significantly longer PFS compared with sorafenib, patients who receive axitinib are more likely to have longer symptom 'control' that is not offset by a worsening of patient-reported outcomes. Patient-reported outcomes provide clinicians and patients with supplemental information on the overall impact of disease-related symptoms, progression and toxicity on functioning and well-being and can help patients and their providers discuss treatment options with more information than toxicity and PFS alone.
